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Qu'il  existe  un  ouvrage  ou  se  trouve  sur  tous  les  problemes  de 
I'filectrotechnique  ce  que  le  monde  entier  a  produit  de  mieux 
et  de  plus  nouveaa, 

Voila  ce  que  tout  electricien  doit  savoir. 

C'est  le  Compte- Rendu  de  la  Session  igSS  de  la  Conference 
Internationale  des  Grands  Reseaux  electriques. 

Qu'est-ce  que  la  Conference? 

•    Line  association  qui  reunit  les  specialistes  les  plus  eminents 
du  monde  entier  pour  : 

—  discuter  les  nouveautes,  .  ;■ 

—  choisir  entre  ce  qui  est  bon,  mediocre  ou  mauvais, 

—  classer  et  diffuser  les  vrais  progres. 

En  1933,  elle  a  reuni  751  participants  venus  des  cinq  parties 
du  monde  et  a  discut6  i3i  rapports,  traitant  de  la  construction 
des  machines  et  du  materiel  electrique,  de  la  construction  des 
lignes  a^riennes  et  souterraines,  de  I'exploitation  et  de  la  protec- 
tion des  reseaux. 
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of  the  Rural  District  of  Burnley  in  the  County  Palatine  of 
Lancaster. 


.    ,.        i     . 


j^  •- • '>;'5;*   ■  • . '    "-.     .      t   . 


■iV'li,. 


LONDON 
FEINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATlONEfiY  OFFICE 
TO  be  purchased  directl,  from  HM-BTATIONEEY  OFFICE  at^t^^^^^^^^^^ 

''-'t  fo^rSt^TS^ncSt""';  1st   Airw|  C^eaoont.  Cardi«; 
80  Chichester  Street,  Belfast; 
or  through  any  bookseller 


■  '.  .I"** 


iS.l.c- 


1 


X 

Price6d.net  ^    ,,,^  ,,,,:|,.,  ^.  J;  ,;,  :,,T.       ;;;:,,  K 

■■■•■:...  -       X 

PUBLISHED       IN  HV^Nj 

GREAT  BRITAIN  0A3>» 

:'■■■■"■'  Vx) 


X-TK    57 

Special  Order  to  he  laid  before  Both  Houses 
of  Parliament  for  Approval  by  Resolution 


\ 


MINISTRY  OF  TRANSPORT 
ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

LLWCHWR  ELECTRICITY  SPECIAL 
ORDER,  1936 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act,  1930,  in  respect  of  part  of 
the  Urban  District  of  Llwchwr  in  the  County  of  Glamorgan 


j^Ss'^^^^ 


c 


LONDON 

FEINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  8TATIONEBY  OFFICE 

To  be  purohaaed  directly  from  H.M.  STATIONEKY  OFFICE  at  the  following  addresses : 

Adastral  Honse,  Kinesway,  London,  W.C.2;  120  George  Street,  Edinburgh  Z; 

26  York  Street.  Manchester  t;  1  St.  Andrew's  Crescent,  Cardiff; 

80    Chichester   Street,    Belfast; 

or  throngh  any  bookseller 

1936 

Price  6d.  net 

PRINTED  AND 
PUj^BHCO  IN 
OtffeAT  BRITAIN 


"a'l^'-fWJi 


'■rA-nitatitei 


X-TK 

•A3 


57 


SpMial  Order  to  be  laid  hejorj  both  Houses  of'  aUk  Ql^SCHB.'S 
Parliament  for  approval  by  Resolution. 


■  i 


«^     MINISTRY  OF  TRANSPORT .,   y.  j^JlM^,, 
ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 


iti 


THURSO  AND  DISTRICT  ELECTRICITY 


SPECIAL  ORDER,  1936 


-•■■J 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  in 
respect  of  the  Burgh  of  Thurso  and  part  of  the  Coiuity  of 


•,-rO}f# 


Caithness 


' r :  J    jI  1  iff 
.^iiw..;I>ji» 

■..i_  roJ-isa 
:,Hr"  .4,  k 

■  »•- 

'■•  no 


()i 


■1  i  .-  V 
."'liv-  < 


■;Vil    ::■'.':'  :l    '.:'.  ■     ■■_■■■■  ,  •  •-•  .: 

-■  -.iHi.'i  :■■:■!'  fiv:.«/i.  iii  .i 


:  *; --i3«3;i . 


•23'Jv;&   ■■-■ 


-    .?.      .,     A 

■iff;  t-^il^i 


LONDON 
PRINTED   AND   PUBLISHED   BY   HI8  MAJESTY'S   STATIONERY  OFFICE  ^.j^j^^^j^.J 

'■-    To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  »t  the  following  addreBses :  j      ^ 

.  Adastral  Houee.  Kingsway.  London,  W.C.2;  120  George  Street    Edinburgh  2;  ^'       ' 

'•  26  York  Street,  Manchester  1;  1,  St.  Andrew's  Crescent,  Cardifl;  ■  ->>>--> 

80    Chichester   Street,    Belfast; 
or  through  any  bookseller 


■  ;.t 


1936 
Price  6d.  net 


'  PftlNTEU      Ai«B 

POBLlSHg*  .'  IN 

X  QREAT  «fUTkiH 


■"1"1 


XrTK    57 


,y.-  c    *•■«- 


.saei 


MINISTRY  OF  TRANSPORT 


ril'      ■«*,■ 


ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 


■;\\  -i. 


,>-;,l.ii  1      '.% 


LLWCHWR  ELECTRICITY  SPECIAL        ^,,,. 
ORDER,  1936  .mai-my 


MADE ;  .h.  f '-wf  ;«^°™'jtT::*™^^  w't J^'s:r« 

iTl^t  ^r  he  e'e^St  (SuppM  AC,  1919,  and 
.  IS  Works  FadliUes  Act,  1930.  in  respect  of  part  of 
"    S^UrtanD^sWctofUwchwrintheCountvofGlamor^n 


!,|.  V 


•tli'l 


Mil*-  I,  >'■-.: '-^ 


{■■-•vii 


.•!'      .I.-'I' 


i*  ;..    ;..i;: 


"^'"'T.  TVQTY'S  aTATIONERY  OFFICE 

To  be  purohaeed  directly  from  Hf  ■  STATIONEKT  OPFlfh.  a^^^^^^       ^       ^^^^  ^. 
^°     Antral  House   KingBway   London   W.cxi^^^^^         ^^^^^^„,^  C„di«; 
26  York  Street.  Man^«^eBter^l,  1^^^^^^ 

. .      M  through  any  bookeeller 
X  -    U^Jiii-  1936 


Price  9d.  net 

PRlNTfete.-AHD* 
PUBLISHEB  IN 
dREAT  BRITAIN 


■i«e''u;"- 


X 

1. 


-•ia8»:v,a 


X-TK 


!• 


1^1- 


r 


(■4    - 


57 

MINISTRY  OF  TRANSPORT      _^^ 

ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

ST  HELENS  ELECTRICITY  (EXTENSION) 
SPECIAL  ORDER.  1936 

'_  •■  .  •  1   f  ^  (13: 

• !  ■  r         ,         ;   , ,  , 

viAni?  Kv  fhP  Flectricity  Commissioners*  undet  the  Electricity 

^SuoDlv  Ic^s  ?8^^^^^^^^  1936.  and  confirmed  by  the  Minister 

^tTXo  luiderthe  Electricity  (Supply)  Act    1919  and 

?he  Public  Works  Facilities  Act,  1930,  in  respect  of  part  of 

the  County  Borough  of  St.  Helens 


/.   *■' 


M  ,r;r  r,c.\  vr!  I'r.ii'^i-^-  '^'■' 


'  >ir/.:. 


-..' 


LONDON  „^.r>« 

.r  »,  IHI  purchased  directly  from  H-M-  STATIONERY  OFFICMa*^^^^^^  Edinburgh  «,.  .3,; 

'-      .  Z6  lorK  n.  80  Chiehertw  Street,  Bellait; 

j;    n;  or  through  any  bookseller 


8i; 


;M  ./•'•.'-t3: 


1936 
f        Price  4d.  net 

PRINTED  «.«©• 
PUBLISHED  iN 
QREAT  gftlTA'.N 

■■"■■' 'I 


f 


^ 


X-TK    57   ^ 

special  Order  to  be  laid  before  both  Houses  of 
Parliament  for  approval  by  resolution 

,,     MINISTRY  OF  TRANSPORT 


ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 


BURNLEY  ELECTRICITY  (EXTENSION) 
-      SPECIAL  ORDER,  1937 


.hlCl 


I.}'^' 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act,  1930,  in  respect  of  , the 
Townships  of  Ightenhill  and  Worsthorn-with-Hurstwood  and 
part  of  the  Township  of  Habergham  Eaves  all  in  the  Rural 
District  of  Burnley  in  the  County  Palatine  of  Lancaster 

•A'  .-ti-K.;   .-■-   ■    ■■■' 


!•»'■. 


LONDON 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  u  the  loUowing  addreua: 

Adattral  House,  Kingsway,  London,  W.Cl;   120  George  Street,  Edinburgh  a) 

26  York  Street,  Manchater  1 1   i  St.  Andrew's  Creaoent  Cardiffi 

80  Chichester  Street,  Belfatt) 

or  through  any  bookieUer 

1937 

Pric?  6d,  net 


I 


pRINTtO  &  i  OOLIbHtD 
m  GREAT  BRITAIN. 


0*^ 


'iL'l-V-.''^^l*<- 


|KiV«i»^--^»»fW««««l(o»~-%r5'.-j'    -     B .  ■<^*!*^  ^*-' 


X-T/f   57 

.A3 

special  Order  to  be  laid  fee/o»e  both  Houses  of 
^  Parliament  for  approval  by  resolution 

MINISTRY    OF    TRANSPORT 
ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

DOVER   ELECTRICITY   (EXTENSION) 
SPECIAL   ORDER,   1937 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act,  1930,  in  respect  of  part 
^  the  Borough  of  Dover  in  the  County  of  Kent 


LONDON 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  >t  the  following  utditMCi 
Adutral  Hoiue,  Kingiwty,  London,  W.Cz;   120  George  Street,  Edinburgh  ai 
16  York  Street.  Manchester  j  5   r  Sl  Andrew's  Crescent,  Cardiff  j 

&}  Chichester  Street,  BeU'aat;  -^j 

or  through  any  boolaeUer  ^\   ] 

1937  ^ 

Price  6J.  net  ^, 

>4 


PRli^T£Q&  ri.PLlC'HfcD  .    . 

IN  Gl^cAT  BulTAIMs  _#(55 


X-TK    57 


MINISTRY    OF    TRANSPORT 


ELECTRICITY  (SUPPLY)  ACTS,   1882  TO  1936 

DOVER   ELECTRICITY   (EXTENSION) 
SPECIAL    ORDER,    1937 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 

.     (Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 

of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 

the  Public  Works  Facilities  Act,  1930,  in  respect  of  part 

of  the  Borough  of  Dover  in  the  County  of  Kent 


-t-.r* 


LONDON  • 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  at  the  following  addresses  : 
Adastral  House,  Kingsway,  London,  W.C.2 ;   120  George  Street,  Edinburgh  2) 
26  York  Street.  Manchester  i ;    i  St.  Andrew's  Crescent,  Cardiff; 
^^  „■'      ...  .        ,■  80  Chichester  Street,  Belfast {      •.■:■■• 

-■  -    r-"-.  .'  or  through  «oy  bookseller  '':■    ';      -      . 


Ay  .-, -K 


1937 
Price  6d.  net 


PRINTED  &  PUBLISMfeD 
IN  QREAT  BRITAIN. 


-■->-     ;  :il 


O 


I 

1^^ 


i-TK    57 

Special  Order  to  be  laid  before  both  Houses  of 

Parliament  for  approval  by  resolution.  ..  :1 

^  '  MINISTRY  OF  TRANSPORT 


ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 


'  (      ^    .        -it: 


DUMFRIESSHIRE   ELECTRICITY 
(EXTENSION)   SPECIAL  ORDER    1937 


.  1 


-■...■;\j. 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act  1930  in  respect  of  the  Parisji 
of  Castleton  in  the  County  of  Roxburgh.  * 


);::■ 


■Or' 


^.■-  -.' 


:j'''"!.c 


LONDON 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  u  chc  toUowing  (ddrcMs: 

Ad«3tral  House,  Kingswiy,  London,  W.Ca;   t20  George  Street,  Edinburgh  2; 
, 0  26  York  Street,  Manchester  i;   i  St.  Andrew's  Crescent.  Cardiff: 

8o  Chichester  Street,  BelfMt) 
or  through  any  bookseller 

*937 
Price  4//.  net 


PRINTED  <£  PUBLiSHlO 
^  tti  GREAT  BRITAIN. 


^ 


It-TK    57    ^ 
-AS 


MINISTRY  OF  TRANSPORT 
ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

THURSO  AND  DISTRICT  ELECTRICITY 
SPECIAL  ORDER,  1936 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  in 
respect  of  the  Burgh  of  Thurso  and  part  of  the  County  of 
Caithness 


LONDON 
PRINTED   AND   PUBLISHED   BY    HIS    MAJESTY'S   STATIONERY   OFFICE 

26  York  Street,  Manchester  1;  1.  St.  Andrews  Crescent,  Cardlfl; 

80    Chichester   Street,    Belfast; 

or  through  any  bookseller 

1937 

Price  6d.  net 


X-TK    57 


MINISTRY  OF  TRANSPORT 

/ 

ELECTRICITY  (SUPPLY)  ACTS,  1882  TO   1936 

DUMFRIESSHIRE   ELECTRICITY 
(EXTENSION)   SPECIAL  ORDER    1937 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act  1930  in  respect  of  the  Parish 
of  Castleton  in  the  County  of  Roxburgh. 


;   :!-^i. 


(  ,; 

^  l'      ;   T    . 

i:  ,;iH 

'i*  ■ 

-••■■-r 

■  'Ji. 

•fi 

■  -'i 
J- 

■     •.■-:■ 

fif.':    ,y*i. 


..  ...      LONDON 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  from  H.M.  STATIONERY  OFFICE  tt  the  foUowing  .ddnaMts 

Adastral  House,  Kingsw«y,  London,  W.Ca;   lio  George  Street,  Edinburgh  at 

i6  York  Street,  Manchester  15    i  St.  Andrew's  Crescent.  Cardiff; 

So  Chichester  Street,  Belfssti 

or  through  any  bookseller  - 1^; 

•  ■   ,     •       ...  1937  ':;<••;• 

Price  44/.  net 


PRINTED  &  PUBLlSHbO 
IN  GREAT  BRITAIN 


i 


jr.'  'fsMi. 


X-TK    57 


JVIINISTRY  OF  TRANSPORT 


ELECTRICITY    (SUPPLY)   ACTS,    1882    TO    1936 

UCKFIELD    ELECTRICITY   SPECIAL 
ORDER,    1937 


MADE  by  the  Electricity  Commissioners  under  the  Electricit)r 
(Supply)  Acts,  1882  to  1936,  as  extended  by  the  Statutory  '■ 
Gas  Companies  (Electricity  Supply  Powers)  Act,  1925,  and 
confirmed  by  the  Minister  of  Transport  under  the  Electricity 
(Supply)  Act,  1919,  and  the  Public  Works  Facilities  Act, 
1930,  to  increase  the  capital  and  borrowing  powers  of  the 
Uckfield  Gas  and  Electricity  Company. 


-ii 


LONDON 

PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICE 

To  be  purchased  directly  bom  H.M.  STATIONERY  OFFICE  at  the  following  addresset: 

Adastral  House,   Kingsway,  London,  W.C.2;    120  George  Street,  Edinburgh  2; 

26  York  Stre«t,  Manchester  i;  i  St.  Andrew's  Crescent,  Cardiff; 

80  Chichester   Street.   Belfast; 

or  through  any  bookseller 

1937  .     . 

Price  4^.  net  ; 


PRINTED  &  PUBLlSHtoT 
fN  GREAT  BRITAIN. 


X-TK    57 


,    MINISTRY  OF  TRANSPORT 
ELECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

St.  HELENS  ELECTRICITY  (EXTENSION) 
SPECIAL  ORDER,  1936 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act,  1930,  in  respect  of  part  of 
the  County  Borough  of  St.  Helens 


LONDON 

PEINTBD  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFIOE 
To  be  purchased  directly  from  H.M.  STATIONERY  OFFIOE  at  the  following  addresses :  •    '  -■' ' 

Adaetrol  House,  Kingsway,  London,  W.C.2;  120  Qeorge  Street,  Edinburgh  2;  '■■' •  il( 

26  York  Street,  Manchester  1;  1  St.  Andrew's  Crescent,  Cardiff; 
'  i  80  Chichester  Street,  Belfast; 

..,..,•.  or  through  any  bookseller 

T.f  ',;..•".■  1937  ■     ':■ 

-',,.■        ,'.  ll'^ 

■  •   ■  '  '       '      Price4d.net 


\n  GREAT  BRITAIN.^  ^^ 


X-TK    57 


Special  Order  to  be  laid  before  both  Houses  of 
Parliament  for  approval  by  resolution. 

MINISTRY  OF  TRANSPORT 
eIlECTRICITY  (SUPPLY)  ACTS,  1882  TO  1936 

MINEHEAD  AND   DUNSTER    ELECTRICITY 
(EXTENSION)   SPECIAL  ORDER  1937 


MADE  by  the  Electricity  Commissioners  under  the  Electricity 
(Supply)  Acts,  1882  to  1936  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919  and 
the  Public  Works  Facilities  Act,  1930  in  respect  of  part  of 
the  Rural  District  of  Williton  in  the  County  of  Somerset. 


-..f, 


■  •/ 


LONDON 

PRINTED  AND  PUBLISHED  BY  HIS   MAJESTY'S  STATIONERY  OfFICE 

To  be  purchased  directly  from  H.M.   STATIONERY  OFFICE  at  the  following  addresses; 

Adastral  House,  ICingsway,  London,  W.C.2 ;   izo  George  Street,  Edinburgh  2; 

26  York  Street,  Manchester  i ;    i  St.  Andrew's  Crescent.  Cardiff; 

80  Chichester  Street,  Belfast; 

or  through  any  bookseller 

1937 
Price  IS.  od.  net 


PRINTtD  &  PUBLldHLO 
IN  GREAT  BRITAIN. 


jiafcMaaaa!aitt«a;tfifea^  - 


X-TK    57    *. 

special  Order  to  he  laid  before  both  Houses  of 
Parliament  for  approval  by  resolution. 


c 


'  MINISTRY  OF  TRANSPORT 


ELECTRICITY  (SUPPLY)  ACTS  1882  TO  1936 

FORT   WILLIAM   ELECTRICITY  ; 
SPECIAL   ORDER    1937 


MADE  by  the  Electricity  Commissioners  under- tlie  Electricity 
(Supply)  Acts  1882  to  1936  and  confirmed  by  tlie  Minister 
of  Transport  under  tlie  Electricity  (Supply)  Act,  1919,  and 
the  Public  Works  Facilities  Act,  1930,  in  respect  of  the 
Burgh  of  Fort  William  and  part  of  the  County  of  Inverness 


A 


' " '     '  pl.  .'1-  ■•'■■■  /->•■ 

LONDON 
PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICB 

To  be  purchaied  directly  from  H.M.  STATIONERY  OFFICE  tt  the  foUowing  addreaaea : 
Adutral  House,  Kingsway,  London,  W.C.2 ;   izo  George  Street,  Edinburgh  2  ; 

26  York  Street,  Manchester  i  ;   i  St.  Andrew's  Crescent,  Cardiff;  - 

80  Chicheeter  Street,  Belfaat ;  .....■.;•• 

or  through  any  bookaeller  .  "' 

1938  ...  >< 

Price  ^d.  net  V'     "-      -  ^i 

-    ______  •  ^ 

PRINTED  &  PUrLISHEO  4L    ^ 

IN  GREAT  BKir/JN.  -X'.'Ni 

■^ ' -^     > 


VX-TK    57 

Special  Order  to  be  laid  before  both  Houses  of 

CFarljamntfor  a-bjraval  by  Resolution  .... 

■  ■■■iriii      .     ,     ,        I  1  I  .111    I  ir»l»  null  IM        m  \  VV 

MINISTRY  OP  TRANSPORT 
ELECTRICITY  (SUPPLY)  ACTS,  18»2  TO  1936 

WESSEX   (NORTH  BASINGSTOKE) 
ELECTRICITY  SPECIAL  ORDER,  1940 


'^\i'j  hi- 


MADE  by  the  Electricity  Commissioner*  under  tlie  Electricity 
(Supply)  Act$,  1882  to  1936,  and  confirmed  by  the  Minister 
of  Transport  under  the  Electricity  (Supply)  Act,  1919,  and 
the  Public  Work*  Facilities  Act.  1930,  in  respect  of  parts  =? 

of  the  Rural  Dlstricte  of  Basingstoke  and  KIngsclere  and  > 

Whitchurch  in  the  County  of  Southampton.  \  , 


:  ..       ■  r  I.I  :::        u>i.i 


'•>l:.f. 


tf 


i't 


a  <vj ; 


LONDON 
PRINTED  AND  PUBLISHED  BY  HIS  MAJESTY'S  STATIONERY  OFFICB 
T«  be  purcfa»ed  directly  from  H.M.  STATIONERY  OFFICB  »t  the  following  (ddroieii  y 

York  Houte,  Kfnf»w»y,  London,  W.C.»|   i«o  Gcorp  StrMt,  Edinbur^  t|  >C 

26  York  Strtft,  Mimsfaettor  i  j  i  St.  Andrew't  Crefceut,  Crdiffj  ^  1 

80  Chicbetter  Street,  Belfast  |  .  )  | 

w  through  iny  bo^ellcr  '•■■ 


1940  Ty 

Price  iJ  net           _                   ___^  ^ 

PRJNTfD  &  PUBLISHED  '"^ 

-.^                     INQREAT  BRITAIN.  :^c> 


•         .„....-.>^^-— .t^.-.—,^^..li;;.-.    .-■   -f.  ^,-^.J....l^^....:.  .tj^^^^^j^jg^^ 


*■ 


f        -t-     -y 


DIELEKTRLSCHE  UlsTERSUCHUNGEN 

VERMITTELST  ELEKTRISCHER  DRAHT- 

WELLEN. 


INAUGURAL-DISSERTATION 

HOHEN  PHILOSOPHISCHEN  FACULTAT 

DEI! 

UNn'ERSITAT  LEIPZIG 

ZUR 

ERLANGUNG  DER  DOCTORWURDE 

VORGELEGT 

VON 

William  David  Coolidge  S.  B. 

AUS  BOSTON,  MASS.,  U.  S.  A. 


LEIPZIG, 

JOHANN   AMBROSIUS  BAKTH. 

1899. 


^rW^^::  --f^'fr^..  ■  JBH.  -  "*'^*^""W? 


X-  TK  Mo 


Apparatus  for  Rapid  Comparison  of  Voltmeters.  69 

[Reprinted  from  Techmolot.v  Qitarthhlv,  Vol.  XV,  No.  1,  March,  1902.) 


AN  APPARATUS  FOR    THE    RAPID   COMPARISON  OF 

VOLTMETERS. 

'     ;        By  F.  A-  LAWS  and  W.  D.  COOLIDGE. 

In  connection  with  the  work  of  instruction  in  Electrical  Engineer- 
ing at  .the  Massachusetts  Institute  of  Technology,  between  seventy 
and  eighty  portable  voltmeters  and  ammeters  are  employed.  These 
instruments  are  of  the  best  types,  and  the  class  of  work  demanded  of 
the  students  requires  that  their  errors  be  known.  Consequently  it 
has  been  necessarj-  to  develop  a  ready  means  of  calibration.  We 
shall  here  describe  our  apparatus  for  comparing  direct  current  volt- 
meters with  a  standard  instrument.  This  is  done  with  the  hope  that 
the  plan  of  the  arrangement  used  will  be  of  service  to  others  who 
must  keep  track  of  large  numbers  of  measuring  instruments. 

The  apparatus  to  be  described  places  at  the  immediate  disposal 
of  the  operator  any  voltage  between  zero  and  three  thousand.  This 
very  considerable  range  demands  that  proper  safety  devices  be  em- 
ployed to  protect  the  observer  from  accident  and  the  instruments 
from  injury.  The  former  is  rendered  the  more  imperative  by  the  fact 
that  the  apparatus  is  used  by  students  as  well  as  by  instructors,  and 
is  of  necessity  situated  in  a  crowded  laboratory. 

In  the  diagram  (Figure  l)  D^  and  D^  are  two  similar  dynamos, 
built  by  the  Holtzer  Cabot  Co.  The  frames  are  those  of  stock 
machines;  the  fields  are  separately  excited  from  a  no- volt  circuit; 
the  armatures  are  specially  wound,  so  that  at  i,6oo  revolutions  per 
minute  each  machine  has  an  E.  M,  F.  of  1,500  volts,  the  current 
capacity  being  \  ampere.  In  order  that  there  shall  be  little  fluctua- 
tion of  the  voltage,  the  commutators  have  a  large  number  of  segments, 

ISO. 

The  dynamos  are  connected  to  an  intermediate  shaft,  which  is 
supported  by  independent,  self-oiling  bearings,  and  carries  a  balance 
wheel,  W,  weighing  100  lbs.;  flexible  couplings,  c^  and  c^,  are 
provided. 
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METALLIC    TUNGSTEN    AND    SOME    OF    ITS 
'-  ■'  APPLICATIONS 


BY  W.   D.   COOLTDGE 


Tungsten  does  not  occur  as  such  in  nature;  but  in  the  form 
of  compounds  it  is  pretty  well  distributed.  The  most  impor- 
tant ores  are  sheelite  or  calcium  tungstate  and  wolframite  or  iron- 
manganese  tungstate.  The  principal  source  of  the  ore  at  this 
time  in  this  country  is  Boiilder  County,  Colorado. 

From  the  ore  it  is  a  simple  matter  to  get  the  yellow  oxide 
(trioxide)  of  tungsten.  And  the  trioxide  may  be  reduced  in 
various  ways,  as  with  hydrogen,  zinc  and  carbon,  to  metallic 
tungsten.  The  product  so  obtained  is  in  the  shape  of  a  powder 
ranging  in  color  from  gray  to  black  depending  upon  the  fineness 
of  its  state  of  subdivision. 

Owing  to  its  very  high  melting  point,  it  was  for  a  long  time 
impossible  to  get  the  pur  3  powdered  metal  into  the  form  of  a  dense 
coherent  homogeneous  mass.  Two  Austrians,  Messrs.  Just 
and  HanamanS  working  in  Vienna,  finally  succeeded  -ililPlver 
in  producing  the  pure  metal  in  this  condition  and  in  filamentary 
form,  and  by  using  it  as  an  incandescent  filament  became  the 
inventors  of  the  tungsten  lamp. 

One  of  their  processes  consisted  in  first  mixing  the  finely 
divided  tungsten  powder  with  a  carbonaceous  binding  agent. 
The  plastic  mass  so  obtained  was  then  extruded  through  a 
small  orifice.  The  resulting  thread  was  heated  in  the  absence 
of  air,  to  carbonize  the  binder.  The  fragile  body  so  produced 
consisted  of  tungsten  powder  and  carbon  and  was  electrically  con- 
ducting.     If  it  had  been  used  in  this  condition  it  would  have  been 
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HARD  X-RAYS 

By  W.  D.  COOLIDGE 


By  the  liardncss  nf  X-rays  wc  refer  ti)  a 
(|iiality  and  iiol  td  a  quantity  tae'.or.  In  usin>^ 
the  term  we  lia\e  in  mind  that  (|ualit\-  whicli 
fiiabies    the    ra\s    tu    pass    thrmit;li    matter. 

The  plixsicist  has  shciun  that  the  X-Rays  are 
hke  (irdinary  h'ght,  (hffering  frdiii  it  onl)-  in 
the     \ihrati(in     fre((iieiicy     or    \va\e-lenf^th. 

I'iie  X-rays  owe  tlieir  ])o\\er  of  j)enetratiii<;; 
objects  opaque  to  orchnary  liglit.  to  their 
iii<;li  \ihration  freipiencw  and  the  <.;reater 
tiiis  is  llie  harder  the  raws  are. 

In  determining  the  \ihration  frecpiencv 
or  iiardness  of  tiie  X-rays,  tliere  are  two 
tilings  only  that  count,  the  atomic  weight  of 
the  target  material  and  the  velocity  of  the 
projectiles,  the  electrons,  which  bombard  it.* 
( )ther  things  being  eipial,  the  higher  the 
atomic  weight  of  tlie  target  metal  the  better 
suited  it  is  to  the  production  of  the  most 
penetrating  radiations.  Uranium  has  the 
highest  atomic  weight  of  all  of  the  elements 
(23S)  and  would  therefore  be  best  suited  to 
serve  as  a  target  for  the  production  of  very 
penetrating  X-rays  were  it  not  for  certain 
limitations,  such  as  its  relati\el\'  low  melt- 
ing point.  The  consideration  of  this  and  of 
other  pro])erties.  sucii  as  heat  conductivity 
and  \apor  pressure,  has  led  to  the  general 
adoption  of  tungsten  (with  an  atomic 
weight  of  1S4)  as  a  target  material.  Tiiis 
step  taken,  tliere  is  then  only  one  factor  at 
our  di.sposal,  namely,  the  \elocity  of  tlie 
electrons  constituting  the  cathode  ray 
stream.  The  higher  this  velocity  is  the 
UKjre  penetrating  will  be  the  X-ra\'s  pro- 
duced. 


"There  i>  ro:i  ly  a  third  factor,  namely,  the  nature  of  the 
collision  hetvveen  the  electron  and  the  target.  The  face  of 
the  target,  even  lliough  highly  polished,  is.  when  comjiared 
with  a  part'cle  the  size  of  the  electron,  exceed-ngly  rough 
and  porous.  As  a  result,  some  electrons  collide  in  such  a 
way  that  they  are  hrought  to  rest  much  more  sud<lenly  tiian 
others  of  the  same  velocity,  and  the  former  therefore  pro- 
duce harder   X-rays   than   the  latter. 

This  factor  has  heen  <imitted  from  the  discussion  for  the 
reason  that  it  does  not  influence  t>ur  general  conclusions  and 
is.  moreover,  entirely  outside  of  our  control. 

For  the  sake  of  simjdicity.  the  writer  is  also  not  taking 
into  accoinit  the  characteristic  rays  emitted  Ity  the  target 
material,  and  is  referring  <ndy  to  the  so-called  independent 
radiations. 


Now  the  velocity  of  the  electrons  is  de- 
termined by  the  voltage  impres.sed  upon  the 
lube,  and  increases  with  the  stpiare  nxjt  of 
the  latter.  The  point  deserving  special  em- 
phasis is  this,  that  neither  the  type  of  tube. 
nor  the  tube  design,  nor  the  vacuum,  nor 
the  milliamperage  llowing  through  the  tube, 
has  .-mylhing  to  do  with  the  simple  state- 
ment that,  with  a  given  target,  the  only 
thing  which  affects  tiie  penetration  of  the 
.\-ra\s  produced  is  the  voltage  which  is  ac- 
tually iin])ressed  upon  the  tube,  and  the 
higher  this  is  the  higher  the  ])euetration  is. 
.\ny  definite  value  of  voltage  implies  of 
necessity  a  corresponding  X-ray  penetra- 
tion. 

If  our  X-ray  generators  were  tjnly  con- 
stant potential  sources,  like  the  static  ma- 
chine and  the  storage  battery,  the  whole 
matter  would  really  .seem  as  simple  as  it  is. 
We  would  then  never  need  to  ask  the  ques- 
tion as  to  whether  one  tube  was  or  was  not 
giving  X-rays  of  the  same  penetration  as 
another  tube,  provided  the  two  were  being 
operated  at  the  same  voltage,  as  the  mechan- 
ism of  X-ray  production  would  make  it  so 
of  necessity. 

Unfortunately  for  perfec:  simplicity, 
most  X-ray  work  is  done  on  variable  in- 
stead of  on  constant  voltage.  Hut  the  sim- 
])le  fact  remains  that  at  any  instant  of  time 
the  ])enetration  of  the  X-rays  is  bound  to  be 
that  corresponding  to  the  voltage  on  the 
tube  at  that  moment,  and  this  regardless  of 
the  type  of  tube  involved  or  of  the  condi- 
tion of  that  tube.  A  curve  showing  the 
\oltage  on  the  tube  at  each  instant  of  time 
would  then  tell  us  how  the  penetration 
changed  from  instant  to  instant.  We  are 
then,  in  general,  dealing  with  a  mixture  of 
rays  varying  among  themseUes  in  hardness 
to  correspond  with  the  varving  potentials 
im])ressed  upon  the  tube. 

.\  very  fertile  source  of  di.scordant  results 
in  the  past  is  the  fact  that  the  penetration 
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X-RAY    WORK    AT    SCHENECTADY  ^^TKl^^ 

By  Dr.  W.  D.  Coolidge.  •  ^  ^ 

{Read  July    \5th,    1920). 

MR.  President,  members  of  the  English  Rontgen  Society,  ladies  and 
gentlemen,  it  is  a  very  great  pleasure  to  me  to  be  here  this  evening. 
I  want  first  of  all  to  pay  my  tribute  to  the  wonderful  pioneer  work 
that  has  been  done  in  the  field  of  radiology  and  the  allied  fields  of  physical 
science  by  English  physicists.  I  need  to  refer  only  to  such  names  as  Crookes, 
J.  J.Thomson,  Rutherford,  the  Braggs,  Moseley,  Darwin,  and  Richardson  ;  there 
are  scores  of  others  I  could  mention.  It  seems  very  strange  to  me,  on  thinking 
the  matter  over,  tliat  so  large  a  proportion  of  the  pif)neer  work  in  these  fields 
has  been  done  by  Englishmen.  I  do  not  know  why  this  is,  but  we  must  cer- 
tainly try  to  learn  your  secret. 

It  is  a  relatively  simple  matter  to  get  men  to  do  research  work  in  applied 
science,  applying  to  commercial  ends  the  principles  established  by  others,  for 
such  work  pays  for  itself.  It  is  not  nearly  as  important,  however,  as  work 
leading  to  the  establishment  of  new  principles.  To  appreciate  this  fact,  one 
has  only  to  think  of  the  effect  on  the  world's  progress  of  the  work  of  a  Clerk 
Maxwell  or  a  J.  J.  Thomson  or  an  Ernest  Rutherford. 

In  the  United  States  at  the  present  time,  industrial  research  is  going 
ahead  by  leaps  and  bounds.  You  also  are  now  actively  interested  in  applying 
scientific  research  to  commercial  purposes.  It  is  to  be  hoped  that,  as  you  go 
ahead  along"  this  line,  you  will  still  continue  the  more  unselfish  kind  of  research 
which  you  have  been  and  are  doing  so  well. 

I  come  from  the  industrial  research  laboratory  of  a  large  industrial  organi- 
zation (the  General  Electric  Company)  which  manufactures,  on  the  one  hand, 
apparatus  of  all  sizes  for  the  production  of  electric  power.  The  laboratory 
was  started  in  1900  by  Dr.  W.  R.  Whitney.  Under  his  leadership  it  has  grown 
rapidly  and  steadily,  even  through  periods  of  business  depression,  until  to-day 
the  staff  consists  of  about  three  hundred  people,  some  si.xty  of  whom  have  had 
a  college  training. 

The  problems  which  come  to  such  a  laboratory  are  extremely  varied  in 
character.  In  general,  the  men  are  given  a  great  deal  of  freedom  both  in  their 
choice  of  problems  and  in  their  method  of  attack.  One  type  of  man  analyzes 
his  problem  logically  and  plans  out  a  method  of  attack.  Another  type  of 
man  tries  everything  that  looks  good  to  him,  and  then  everything  else  that 
he  can  think  of.  Strange  as  it  may  seem,  both  methods  in  good  hands,  yield 
good  results.  One  type  of  man  seems  to  need  a  working  theory  to  give  him 
sufficient  enthusiasm  to  try  his  experiment,  while  the  other  type  is  glad  to 
try  any  experiment  that  he  has  never  tried  before.  If  a  man  does  not  get  the 
result  which  he  seeks,  he  probably  gets  some  other  result  which  is  of  value 
either  in  itself  or  for  its  bearing  on  some  other  problem  of  the  laboratory. 

For  the  sake  of  mutual  assistance  and  mutual  inspiration,  every  member 
of  the  staff  is  encouraged  to  know  as  much  as  lie  can  about  what  every  other 
man  in  the  laboratory  is  doing. 

I  want  to  talk  this  evening  about  the  work  of  our  laboratory  in  the  X-ray 
field,  and  will  limit  myself  still  further  to  the  X-ray  field  as  applied  to  medicine. 

The  story  naturally  begins  with  the  production  of  ductile  tungsten,  the 
material  used  first  at  the  focal  spot  and,  later,  in  the  cathode  of  the  X-ray  tube. 
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THE  KEARSLEY  STABILIZER* 

lU-  W.  1).  COOLIDC.K,  I'li.D. 
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I  "HE  iiiillianiperage  whicli  will  pass 
-*■  throu^li  a  hot  cathode  roentgcn-ray 
tube  increases  very  rapidly  with  the  temper- 
ature of  the  filament  and  hence  with  the 
heating  current.  To  avoid  fluctuations  in 
niillianiperage,  in  all  of  the  early  installa- 
tions a  storage  battery  was  used  as  a  con- 
stant source  of  heating  current.  The  storage 
battery  called  for  a  good  deal  of  attention 
and  was,  for  various  reasons,  far  iro\n  ideal 
for  the  purpose.  It  has  been  almost  com- 
pletely superseded  by  the  "filament  trans- 
former." This  has  been  more  convenient, 
but  owing  to  line-voltage  fluctuation,  has  re- 
sulted in  greater  variability  in  the  milli- 
ampcrage  passing  through  the  tube. 

In  an  earlier  article'  the  author  has  al- 
luded to  attempts  to  hold  the  filament  cur- 
rent constant  by  means  of  magnetos,  boos- 
ters, iron  wire  ballasts,  and  various  other 
devices,  and  finally  b\'  means  of  a  special 
constant  potential  transformer.  The  last 
named  device  had  no  time  lag  and  func- 
ioned  very  well,  but  took  a  pretty  heavy 
current — often  18  to  20  amiieres. 

The  above  efforts  were  all  directed  to- 
ward the  suppression  of  fluctuatimis  in  mil- 
liampereage  due  to  causes  external  to  the 
tube  itself.  Even  with  constant  filament 
temperature,  changes  in  milliamperage  may 
take  place  due  to  vacuum  changes  in  the 
tube.  Certain  gases,  when  liberated  from  the 
electrodes  or  glass  walls,  will  cause  a  diminu- 
tion in  the  electron  emission  from  the  fila- 
ment, and  hence  in  the  milliamperage. 

Mr.  W.  K.   Kearsley,  Jr..  has  devised  a 

'A  summary  of  physical  investigation  work  in 
prORrcss  on  tnlies  and  accessories.  Am.  .T.  RnrNT- 
GENOi..,  December,  1915.  p.  8gi. 

2W.  K.  KE.MiSi.EV,  Jr.  A  new  type  of  stabilizer  for 
use  with  the  Coolidge  tube.  This  was  described  by 
Mr.  Kearsley  in  a  paper  read  December  15,  1920,  at 
the  Chicatro  mcetiiiR  of  the  Radiological  Society  of 
North  America. 

"Read  at  the    Midwinter   Meeting  of   the  Kastern    Section   of 

January  . 


Stabilizer-  which  works  on  an  entirely  dif- 
ferent principle  and  is  much  more  ambitious 
in  its  aim.  It  does  not  attempt  to  hold  filament 
current  constant  but.  rather,  automatically 
varies  it  as  refiuired  to  maintain  constant 
milliamperage  through  the  tube.  It  accomp- 
lishes this  result  regardless  of  line-voltage 
changes  and  regardless  of  internal  vacuum 
changes.  The  following  description  of  this 
stabilizer  is  taken  from  Mr.  Kearsley's 
article: 

"The  stabilizer  is  operated  directly  by  the 
high  tension  current  which  flows  through 
the  .r-ray  tube.  Any  change  in  this  high 
tension  current  causes  the  stabilizer  to  act 
directly  on  the  current  flowing  through  the 
filament.  If  for  any  reason  the  high  tension 
current  through  the  tube  tends  to  drop,  the 
stabilizer  immediately  increases  the  filament 
current  sufficiently  to  prevent  the  drop.  The 
same  holds  true  for  a  rise  in  high  tension 
current:  the  filament  current  in  this  case  is 
immediately  lowered  enough  to  keep  the 
milliamperage  at  the  desired  value. 

Mgure  1  shows  diagranmiatically  the 
principle  upon  which  the  stabilizer  operates. 
A  is  an  electromagnet  which  is  connected 
directly  into  the  hitrh  tension  circuit.  All  of 
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the  high  tension  current  passes  through  this 
magnet.  B  is  an  iron  armature  which  is  free 
to  vibrate  when  current  passes  through  the 
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"The  hills  are  shadows,  ami  they  flow  They  melt  like  mist,  the  solid  lands. 

From  form  to  form,  atut  nothing  stands;  Like  rlotids.  they  shape  themselves  and  go." 

-  -  Tennvsan 
Shovela,  however,  work  quirker  than  Nature  when  the  mountain  contains  copper  t 

(See  p.  600) 
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StattmtHt  of  Dr.  William  D.  Coolijgt,  Director 
of  the  Research  Laboratory  of  the  General 
^ectnc  Company,  before  thetemporary  National 
Economic  Committee. 


We  think  you  will  find  interesting  the 
enclosed  testimony  which  Dr.  Wilham  D. 
Coolidge,  of  the  General  Electric  Research 
Laboratory,  gave  recently  before  the  Tem- 
porary National  Economic  Committee.  It 
surveys  many  of  the  paths  that  research  is 
following  In  its  efforts  to  create  "More  Goods 
for  More  People  at  Less  Cost." 
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THE  ROLE  OF  SCIENCE  INSTITUTIONS 
IN  OUR  CIVILIZATION- 

By  Dr.  WILLIAM  D.  COOLIDGE 

VICE-PRESIDENT  AND  DIRECTOR  Or  RESEARCH,  GENERAL  ELECTRIC  (.'OMFANY,  SCHENECTADY,  N.  Y. 


Ur.  President,  Members  of  the  Board  of  Directors 
of  Ursinus  College,  Members  of  the  Faculty,  Members 
of  the  Student  Body,  Dr.  Pfahler,  Ladies  and  Gen- 
tlemen: 

We  are  met  here  to-ciay  to  dedicate  this  new  temple 
(jf  science — to  dedicate  it  to  the  senice  of  mankind 
and  to  give  it  a  name — a  name  worthy  of  the  inspiring 
tradition  which  shall  with  the  years  grow  up  around  it. 

In  our  evaluation  of  the  importance  of  this  event 
we  are  more  in  danger  of  under-  than  over-estimation. 
We  can,  of  course,  judge  the  future  only  by  the  past. 
So  let  us  think  of  the  consequences  of  similar  occasions 
which  have  already  taken  place.  To  mention  only  a 
few  examples  drawn  from  the  field  of  physical  and 
chemical  science : 

Once  upon  a  time  there  was  doubtless  a  dedication 
ceremony  for  the  physics  institute  of  the  University 
of  Wurzburg,  and  it  was  in  that  laboratory  that 
Roentgen  later  discovered  the  x-rays  and  published 
his  results  in  a  series  of  papers  which  have  had  so 
profound  an  influence  on  science  and  on  our  civiliza- 
tion. It  is  of  course  the  man  rather  than  the  institu- 
tion to  whom  we  give  most  of  the  credit.  The  fact 
remains,  however,  that  the  institution  attracted  him 
and  he  was,  perhaps  unconsciously,  inspired  by  its 
traditions. 

In  the  same  way  consider  the  importance  of  the 
founding  of  the  Royal  Institution,  where  Faraday  did 
his  work  on  electromagnetic  induction;  and  of  the 
Albany  Academy,  where  Joseph  Henry  made  his  great 
contributions  in  this  same  field.  Our  whole  electrical 
industry  is  based  on  the  work  of  these  two  men.  Here 
again,  although  we  give  most  of  the  credit  to  the  men, 
as  before,  we  can  well  question  whether  they  would 
have  had  this  same  tremendous  influence  in  our  civili- 
zation had  not  others  before  them  created  and  dedi- 
cated to  science  the  laboratories  in  which  their  work 
was  done. 

Sometimes,  as  in  the  case  of  Madame  Curie  and  her 
discovery  and  isolation  of  radium,  we  see  the  work 
done  under  such  miserable  physical  conditions  that 
we  may  well  feel  that  it  could  have  been  done  much 
easier  somewhere  else.  The  fact  still  remains,  however, 
that  the  creation  and  the  dedication  of  the  institution 
in  question  were  links  in  a  chain  without  which  the 
work  would  probably  not  have  been  done  by  the  per- 
son and  at  the  time  period  in  question. 

I  Founders*  Day  address  at  the  dedication  uf  \\ir 
Pfahler  Hall  of  Scieuee,  Ursinus  College,  October  13. 


Countless  other  similar  instances  could  be  cited  in 
which  the  dedication  to  the  cause  of  science  of  a  new 
laboratory  or  the  creation  of  a  new  scientific  society 
has  constituted  the  beginning  of  a  great  tradition. 

Over  forty  years  ago,  in  the  General  Electric  Com- 
pany, a  group  of  four  men  consisting  of  Elibu  Thom- 
son, E.  W.  Rice,  C.  P.  Steinmetz  and  A.  G.  Davis, 
were  so  impressed  by  the  consequences  of  the  funda- 
uiental  scientific  work  carried  on  in  college  labora- 
tories that  they  started  what  was  one  of  the  first 
industrial  research  laboratories  in  this  country — a 
step  which  has  since  been  followed  by  some  two  thou- 
sand other  manufacturing  organizations. 

I  have  been  in  close  touch  with  the  General  Electric 
Research  Laboratory  from  the  beginning,  and,  since 
taking  over  its  direction,  I  have  been  greatly  im- 
pressed by  the  strength  of  the  tradition  which  has 
grown  up  around  it — a  tradition  derived  from  the 
great  men  who  had  the  vision  to  start  it  and  to 
sponsor  it  through  its  early  years,  and  from  Dr.  Willis 
R.  Whitney,  who  directed  it  throughout  the  formative 
period  of  its  existence,  who  saw  the  value  of  coopera- 
tion and  secured  it,  who  saw  to  it  that  recognition  was 
always  given  to  the  individual  and  not  merely  to  the 
institution,  who  insisted  that  all  worth-while  results 
.should  be  published  promptly,  instead  of  being  kept 
secret  in  what  had  been  the  time-honored  way.  Dur- 
ing my  incumbency  in  this  office  I  have  been  constantly 
aware  of  the  force  of  that  tradition — a  force  like  that 
inherent  in  the  momentum  of  a  heavy  and  rapidly 
moving  body.  Had  I  been  so  disposed  at  any  time,  I 
would  have  found  it  very  difficult  to  do  anything 
which  would  have  tended  to  weaken  that  virile  and 
inspiring  tradition. 

Just  as  the  tradition  of  our  laboratory  started  with 
the  characters  and  achievements  of  the  men  whose 
names  were  first  associated  with  it,  so  the  tradition 
of  this  laboratory  starts  with  the  characters  and 
achievements  of  the  men  responsible  for  its  existence 
and  takes  on  to-day  an  intimate  association  with  the 
life  of  the  man  whose  name  you  have  given  it. 

I  feel  competent  to  speak  to  you  on  the  value  of 
that  name  to  the  tradition  of  this  laboratory. 

It  is  the  name  of  a  great  pioneer  in  the  application 
of  physical  .science  to  the  diairnosis  and  trcatmimt  of 
human  disease.  It  is  the  natoe  of  u  man  to  whom 
countless  sufferers  from  human  ills  owe  their  lives, 
their  health  and  their  happiness.  It  is  the  name  of 
;i  man  who  has  not  only  practicetl  and  advanced  an 
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Roentgen  Rays:  Tubes 

W.  D.  Coolidge  and  E.  E.  Charlton 

Supplement  to  W.  D.  Coolidge  and  Z.  J.  Atkn;,  Roentgen 
Rays:  Tubes,  vol.  I,  pp.  1395-1401. 

Advances  in  this  field  have  been  chiefly  in  the  design 
of  tubes  for  roentgenography  and  in  the  development 
of  tubes  for  high-energy  electron  accelerators.  An  im- 
proved model  of  a  rotating  target  tube  for  use  in  roent- 
genography is  shown  in  Fig.  1.  The  target  may  be  ro- 
tated by  an  induction  motor  whose  stator  is  without 
and  whose  rotor  is  within  the  tube. 

Betatron  and  Synchrotron  Roentgen-Ray  Tubes 

In  betatrons  and  synchrotrons  which  permit  genera- 
tion of  roentgen  rays  of  many  millions  of  volts,  the 
roentgen-ray  tube  becomes  toroidal  in  form  with  an  oval 
cross-section.  The  electrons  in  these  tubes,  to  gain  their 
energy,  make  the  circuit  of  the  tubes  many  times  and 
are  then  deflected  from  their  orbits  so  that  they  strike 
the  target  and  generate  roentgen  rays.*  These  tubes 
have  the  same  high  vacuum  as  other  modern  roentgen 
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tubes  and,  like  them,  a  thermionic  source  of  electrons. 
Through  use  of  an  intermediate  electrode  they  are 
given  an  initial  energy  of  a  few  kilovolts  before  the 
betatron-  or  synchrotron-accelerating  action. 

Betatron  acceleration  is  obtained  by  the  electric  field 
produced  by  a  time-varying  electromagnetic  field. 
The  betatron  roentgen-ray  tube  consists  of  a  hollow 
toroid  of  glass  or  other  insulating  material  about  18  in. 
in  diameter  for  the  20  000  000-v  and  6  ft  in  diameter 


X-RAY  TARGET 


Tuae  SEC1I0NS 


PUMP 
CONNECTION 


ELECTRON  GUN 


FiQ.  2. — 100-Mev  betatron  roentgen-ray  tube. 

for  the  100  000  000-v  sizes.  The  tubes  may  be  built 
either  as  unitary  structures  or  in  sections  cemented  to- 
gether and  continuously  pumped.  The  100  000  000-v 
tube  is  shown  in  Fig.  2.  It  consists  of  16  pie-shaped  sec- 
tors of  heat-treated  borosilicate  glass  having  an  ellipti- 
cal cross-section  8  X  4Vs  in.  The  ends  of  the  sections 


\ 
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Fig.  1. — Rotating  target  tube  with  stator  in  position. 


♦See   Kerst   and  Skaggs — Accelerators:  High-Energy;  Betatron. 
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Erreger  5  cm  Dm.  —  A  =  74  cm. 
Drahtdistanz  =  1,7  cm. 


II.  BrDcke 


Fig.  4, 


Gnuidschwingung  —   2  BSuche. 


Fig.  5. 


Gnindschwinguiig  —  1'/,  Bgiiclie. 

EinfluM  voD  Drahtdurchmesser  deutlich  zu  sehen  vor  der  ersten  BrUcke.     Hier  (bei  a) 

Bind  die  0,1  mm  dicken  Lecherschen  DrShte  an  die  1  ram  Erregerdrahte  geliithet. 


Fig.  6. 


II.  BrDcke 


I.  BrOcke 


I.  Oberschwingung  —  3  BSuche. 


Fig.  7. 


Grundscliwingung  —  3  BSuche. 
Zeigt  EInflugs  des  umgebenden  Mediums  auf  die  Wellenlange.     Ein  langer  Glagstreifen 
wurde  unter  nnd  in  BerUhrang  mit  den  DrShten  gehalten.     i.  ist  von  74  cm  auf  40  cm 

niedergebracht. 


Fig.  8, 


Grundschwingung  —  2  Bauche.  —  Bei  Verwendung  von  engen  Blechstreifen  anstatt 
DrShten.  —  Distanz  zwischen  den  Streifen  =  0,6  cm. 
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